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4. The production of nuclear materials at the Department of Energy's>Savannah River Site (SRS) has generated millions of gallons of radioactive wastes. The primary " 137CS. Nearly all the 137CS must be radlonuclide in the liquid wastes or supernatants 1s removed before the supernatants can be immobilized. Problems during fill-scale cesiumremoval operations at the SRS have led to an evaluation of cesium-removal technologies by the High-Level Waste Salt Disposition Team. After an initial screening of all potential alternatives, crystalline silicotitanate (CST), an inorganic ion exchanger, was chosen as one of the leading candidates.
Since nearly all the CST tests have been performed on supematants horn other sites, batch tests were conducted to determine the performance of the engineered form of CST, IONSIV@ IE-9 11, with a simulant of the "average" SRS supernatant. The distribution ratio (D) results from the batch tests clearly indicated that IONSIV@ IE-911 can be very effective in the removal of cesium from the simulant of the "average" SRS supematant.
The variability between the different production runs ofIONSIV@IE-911 was very small; the 168-h D results for the "as received" samples were 2149 and 2253 mL/g. However, the variabtity between the different batchesofIONSIV@IE-911 increased after the CST was treated with NaOH and H20 prior to the batch tests. The 168-h D values for the "treated" samples ranged from 1454 to 2032 mL/g. The pre&cted D results from the equilibrium model were comparable to the 168-h experimental results with the "as received" samples of CST. Other tests demonstrated that increases in temperature and particle size can signitlcantly decrease the peflormance of the IONSIV@ IE-91 1. In particular, the equilibrium model predicted that a temperature increase from 25 to 30°C would decrease the D value from 2340 to 2060 mL/g. Udlke sample preparatiot emperature, and sample size, the presence of the organics dld not impact the D results.
Fdy, the maximum concentration of soluble strontium in the simukmt of the "average" SRS supematant was 0.37 ppm. This low concentration of strontium should not signiikantly reduce the petiormance of the CST. Previously, IONSIV@ IE-911 (batch 38-B) was used to remove *37CS born SRS Tank 43H supematant and its simulant (Gephart 1997) . In these SRS batch tests, the cesium distribution ratio (D) with the actwd tank waste was 1100 rnL/& while the D value with the simulant was 1500 rnLJg. These results demonstrated that IONSIV@ IE-911 can be very effective in cesium removal. Currently, SRS persomel are petiorming batch and column tests on IONSIV@ IE-911 (batch 4) with a simukmt of the "average" SRS supernatant. At ORNL, the simulant of the "average" SRS supematant was also used in the batch tests with IONSIV@IE-911 from batches 1,3, and 4. It should be noted that UOP, the manufacturer of IONSIV@ lE-91 1, has produced the engineered form of CST "mat least five different batches. Consequently, one of the objectives of this work was to determine the variability between the diilerent batches.
The effects of particle size, organics, and variations in the treatment of the CST prior to testing were also evaluated during this study. This evaluation required several modifications to the CST or to the supernatant sirnulant prior to the start of the batch tests. In a few of the tests, "as received" CST was used, while most of the tests used "treated" CST, which was soaked in NaO~rinsed with HzO, and air dried prior to the tests. In an effort to determine the effects of fines, a portion of the CST was sieved, and CST particles between 300 and 600pm were used in a few of the batch tests. In other tests, dibutylphosphate (DBP) was added to a portion of the supematant simulant to determine the effect of 2000 mg DBP/L on the performance of CST. In summary, the D results of IONSIV@ IE-911 for cesium at 24, 72, and 144 h were measured under the following conditions:
1. batches 1 and 4 -"as received";
2. batches 1, 3, and 4 -"treated";
3. batch 4 -"as received" and "treated" -particle size of 300 to 600~m; and 4, batch 4 -"treated" -DBP in the supematant.
In addition to the D tests, the maximum concentration of soluble strontium in the "average" SRS simulant was determined. An excess amount of strontium with a trace amount of 85Srwas added to a different dlquot of the supernatant simulant and allowed to equtilbrate over several days. The concentration of 85Srin the simulant was monitored with a gamma counter until the strontium concentration had reached equilibrium.
This report presents the ORNL results t%omthe strontium and CST distribution ratio tests with the simulated SRS supernatant. 
IONSIV@IE-911
CSTS area new class of inorganic ion exchangers invented and developed through a collaborative effort between Sandia National Laboratories (SNL) and Texas A&M University. The composition of CST is proprietary, and no inilormation on the specifics of CST synthesis or composition is known. CST is produced as a very fine powder that could be used in a batch process, but it is not suitable for use in an ion-exchange column.
An engineered formofCST,IONSIV@IE-911, was developed by UOP, Des Plaines, removed cesium Ilom more than 25,000 gal of tank supernatant (Walker et al. 1998 ).
SIMULANT OF THE "AVERAGE"SRS SUPERNATANT
The recipe for the sirnulant of the "average" SRS supernatant, which is found in the append~was provided by SRS persomel. The SRS simukmt was made in 0.5 and 1 L batches. Ailer the simulant solutions were prepared they were spiked with 137Csso the cesium concentration in the solutions could be monitored with a gamma counter. Even though the solutions were thoroughly mixed with magnetic stir bars, a small amount of fine white solids was observed. Equilibrium calculations indicate that these solids should include gibbsite, &OS"3H@. A.&r samples were mixed for 5 days, they were passed through a 0.45-~high-capacity in-line filter (Gelman Sciences), and the liquids were combmed, The density of the composite supernatant was 1.254 g/mL, which is comparable to the density of the solutions before filtration. It should be noted that the pH of the composite before and after contact with the IONSIV@ IE-91 lwas greater than 14.
A portion of the composite supernatant was used to prepare the sample with 3. EXPERIMENTALPROCEDURES
Water Content
Thewatercontents in the "treated" CST (batches 1,3, and 4) and "as received" CST (batches 1 and 4) were determined before the batch tests were initiated. Approximately 0.5 gofIONSIV@III-911 was placed into a previously weighed aluminum foil boat.
After the boat and the CST were weighed with a Mettler AE200 balance, they were heated at 105"C until the dried CST reached a constant weight. Before the dried CST was weighed, the hot boat was placed in a desiccator until the CST had cooled to ambient temperature.
.
Distribution Ratios
The D measurements were made usiig batch equilibration tests and techniques, which were previously used with IONSIV@ IE-911 (Davidson et al. 1998) 
Water Content
Theresults from the water content experiments onIONSIV@IE-911 are presented in Table 1 . For batches 1 and 4, the water contents were very comparable and were not significantly @&ted by the treatment with NaOH and HzO. However, the water content q in the "treated" batch 3 of IONSIV@ IE-911 was significantly higher than in the other batches. This observation was confirmed with a second, larger test with IONSIV@ IE-911 (batch 3). The reason for this dflerence is not known; however, it is probably due to a change in the manufacturing process since the different batchesofIONSIV@IE-911
were treated in the same manner. Finally, it should be noted that the dried IONSIV@ IE-911 quickly absorbs moisture even at ambient temperature. When the difference in the D results for the duplicate samples was quite large, the supernatant sample that was responsible for the low D value was gravity settled, refiltered, and recounted. Inmost cases, the difference in the D results between the duplicate samples was reduced significantly. Apparently, the second solid/hquid separation was more effective in the removal of ve~fine CST particles, which can be produced by particle collisions during the rocking process. Therefore, the effectiveness of the solidhiquid separation can have a dramatic impact on the D values at 24 and 72 h. It must be noted that none of the 168-h samples required a second solidliquid separation. The generation of fine CST particles during rocking process was vdldated in other batch tests. At the end of each mixing period, each sample was centrifuged at 2800 rp~and a portion of the supernatant was pipetted into a separate tube. The% part of this smaller sample was filtered and counted. The remainder of the centtiged and unfiltered liquid was set aside for a minimum of 1 week. Portions of three of these samples were then filtered and counted. The 137CS concentration in each sample was on average 75% lower than in its counterpart horn a week earlier. These results clearly indicate that the rocking process produces fine CST particles, which can remain in suspension even after centrifbgation at 2800 rpm. Higher-speed centrifigation may be needed to remove these particles after mixing. In additio~the dramatic cesium removal by very fine particles, which could not be visually detected, indicates that most of the cesium capacity in the large IONSIW19IE-911 particles is not being utilized in these tests.
Maximum Concentrationof Soluble Strontium
The initial concentration of strontium in the sirnulant of the "average" SRS supernatant was 29.3 ppm. It was expected that very little of the strontium in the sample would remain soluble. In fact, only 6°/0 of the strontium remained soluble after 2 days.
Over the next several days, the concentration of strontium continued to decline. After 10 days, the concentration was 0.42 ppm. The strontium concentrations at 13 and 15 days indicated that the sample had reached equilibrium. The maximum concentration of soluble strontium in the "average" SRS supematant was determined to be 0.37 ppm. The presence of strontium in the supematant has been shown to reduce the pefiorrnance of the CST. However, this low concentration of strontium should not be a significant factor.
DISCUSSION
Particle Size
The highest D results at 168 h were observed with the "as received" samples. This
Werence in D results is primarily due to smaller particles and fines in the "as received" samples. The average 168-h D for the "as receivedhieved" samples (batch 4) was 299 lower than its "as received" counterpart. Most of the observable particles removed by the sieving process were smaller than 300~q and the sieving process is also expected to remove fines. Similarly, the treatment process with NaOH and H20 was effective in the removal of the smaller particles and iines. However, the difference between the average 168-h D values for the "as received" and "treated" samples (batch 4) was much greater.
In addition to removal of smaller particles, the NaOH and HzO treatment slightly increased the average particle size, and these results indicate that small increases in particle sizes can significantly slow kinetics and reduce D values. The effort to sieve the "treated" sample (batch 4) was ineffective, and the average 168-h D values for "treated" and "treated/sieved" samples (batch 4) were comparable. All of these results showed that the kinetics and performance ofIONSIV@IE-911 can be significantly impacted by sample preparation.
A comparison of the 168-h D results between the dflerent batches of IONSIWB IE-911 showed that the variability in performance increased dramatically after the samples were treated with NaOH and HzO. The difference in the average 168-h D values for the "as received" samples (batches 1 and 4) was only 104. However, after the NaOH and H20 treatment, the average 168-h D difference between these batches was 488. In both cases, the performance of batch 1 was superior to that of batch 4. This surprising result is probably due to a change in the particle size distribution between the two batches. It should be noted that the dflerence in performance between the "treated" samples (batches 3 and 4) was small. Therefore, the results of the latter batchesofIONSIV@lE-911 appear to be more consistent. were very comparable to the experimental results with the "as received" samples of CST.
The model was also used to demonstrate that increases in temperature can significantly reduce the peflormance of the IONSIV@ IE-9 11. The equilibrium model predicted that an increase in temperature from 25 to 30"C would reduce the D value from 2340 to 2060 mL/g. Similarly, increases in the particle sizes adversely aifected the D values. The D values for the "sieved" and "treated" samples were signicantly lower than their "as received" counterparts because the sieving and the treatment process with NaOH and HzO removed fines, which were in the "as received" sample. The treatment process also increased the average particle size, which led to a firther reduction in the pefiormance of IONSIV@IE-911. However, the presence of the organics in the form of DBP and monobutylphosphate did not impact the D results.
Finally, the maximum concentration of soluble strontium in the simulant of the "average" SRS supernatant was 0.37 ppm. This low concentration of strontium should not signifkantly reduce the petiorrnance of the CST.
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